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Abstract— Tumor necrosis facior-oc (TNF) has been implicated in the pathogenesis of a variety of 
human diseases including septic shock, cachexia, graft-* era us ^ho si disease and several autoimmune 
diseases. Monoclonal antibodies directed against TNF provide an attractive mode of therapeutic 
intervention in these diseases. We have generated a murine monoclonal antibody <A2> with high 
affinity and specificity for recombinant and natural toman TNF. To increase its therapeutic 
usefulness, we used genetic engineering techniques to replace the murine constant regions with 
human counterparts while retaining the murine antigen binding regions. The resulting mouse-human 
chimeric antibody should have reduced immunogenicity and improved pharmacokinetics in humans. 
Molecular analysis of light chain genomic clones derived from the murine hybridoma suggests that 
two different alleles of the same variable region gene have rearranged independently and coexist in 
the same hybridoma ccJl. The chimeric A2 amibod) (cA2) exhibits better binding and neutralizing 
characteristics than the murine A2 which was shown to contain a mixture of two kappa light chains. 
Tha properties of cA2 suggest that it will have advantages over existing murine anti-TNF antibodies 
for clinical use. 
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INTRODUCTION 

The cytokine tumor necrosis factor- % (TNF) has been 
implicated as a crucial mediator in the pathogenesis of 
infectious, neoplastic and autoimmune diseases. Its role 
in the regulation of inflammatory and immunological 
responses makes it an attractive target for therapeutic 
intervention in a variety of human diseases by neutralis- 
ation of its action. For example, elevated levels of TNF 
have been implicated in the profound weight loss 
(cachexia) associated with chronic parasitic or bacterial 
diseases and cancer, the circulatory collapse and shock 
resulting from acute bacterial infection, the development 
of graft-versus-host disease and the pathogenesis of 
rheumatoid arthritis [for reviews set Beutler and Cerami 
(19S3), Tracey and Cerami (19S9), Brennan et al (1991)). 

Animal models have reinforced the notion that TNF 
is involved in gram-negative (Shimamolo et al, 1988; 
Opal et aL, 1990) and gram-positive (Freundenberg and 
Galanos, 1991) bacteremia, septic shock (Traccy et al, 
1997; Silva ei al, 1990; Hinshaw et aL* 1990), bacterial 
meningitis (Lcist et o/ M 1986), autoimmune lupus (Jacob 
and McDcvitt, 1988), grafi-versus-host dissase (Shalaby 
et gL, 1989) and multiple sclerosis (Hofman et al, 19S9). 
These studies have suggested that ami-TNF monoclonal 
antibodies (mAbs) may have therapeutic potential for a 
wide variety of human diseases. 

Of particular interest is the potential use of ami-TNF 
mAbs for the treatment of the widespread inflammatory 
disease rheumatoid arthritis. Elevated levels of TNF and 



its receptors .have been found in the sera, synovial fluid 
and tissues of patients with f heumatoid arthritis (Cope 
et al f 1992; Deleuran et al, 1992), and high levels of 
TNF are secreted by synovial cells in culture (Brennan 
et al 1939a). In addition, antibodies directed against 
TNF have been shown to inhibit production of the 
proinflammatory cytokine ILA in synovial cell cultures 
from patients with rheumatoid arthritis, suggesting that 
TNF may be th* main inducer of 1L-1 and that anti- 
TNF antibodies may be useful in the treatment of this 
disease (Brennan et al, 1989A). In mice with collagen-in- 
duced arthritis, a hamster anii-TNF mAb was able to 
reduce the severity of the disease even when injected after 
the onset of clinical arthritis (Williams et al, 1992). 

To date, there have been little published data available 
on the use of anii-TNF mAb therapy in humans. Murine 
antj-TNF mAbs have been administered to patients with 
severe septic shock (Exley et al., 1990; Spooner et al, 
1991) but the limited scope of these Phase I studies did 
not permit evaluation for efficacy. It is rapidly becoming 
axiomauc that modification of murine mAbs to a more 
human form is desirable when therapeutic use is envi- 
sioned. Murine antibodies, as foreign proteins, may elicit 
immune reactions that reduce or eliminate their thera- 
peutic efficacy and/or evoke allergic or hypersensitivity 
reactions in patients upon readministraxion with the 
same antibody or even an unrelated murine mAb» 
Chimeric antibodies consisting of murine antigen bind- 
ing regions joined to human constant regions have been 
suggested as a means to reduce the immunogenicity of 
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murine antibodies. Although there is limited data com- 
paring the immunogenicity of murine and chimeric 
antibodies in humans, initial reports suggest that 
chimeric antibodies are less immunogenic than their 
murine counterparts (LoBugKo er <lL, 1989; Meredith 
ei al, 391; Saleh et aL 1992). Here wc describe. the 
construction and initial characterization of a chimeric 
anti-TNF antibody with improved binding character- 
istics compared to the reagent derived from the murine 
hybridoma. This chimeric antibody (cA2) has been used 
in Phase \ clinical trials in patients with severe rheuma- 
toid arthritis (Elliott et a/., 1993) and shows exceptional 
promise as a therapeutic agent in this disease. 

MATERIALS AND METHODS 

Generation of the murine A 2 hybridoma 

A 3ALB/C mouse was injected intraperiloneally with 
10jug of purged recombinant human TNF (rTNF) 
emulsified with an equal volume of complet* Freund*s 
adjuvant. An injection of 5 /jg of rTNF with incomplete 
Frermd's adjuvant followed by three consecutive injec- 
tions of 5 #g of rTNF without adjuvant were given at 
weekly Intervals starting 1 week after the first immuniz- 
ation. The mouse was boosted intraperitoneal I y 4 weeks 
later with J0>ig of rTNF. Four days after the last 
injection the mouse was sacrificed, and the spleen cells 
were fused with the hybridoma SP2/0 (from MemoriaJ 
Sloan-Ketteririg Cancer Center) at a 4: 1 ratio of spleen 
cells :o SP2/0 cells, with 0.3 ml of 30V- PEG 1450, 
After incubation at 37°C for 6m\ the Fused cells 
were plated at a densily of 2 x 10* cells/well in 96- well 
mitro titer plates in the presence of 5 k 10 4 feeder spleen 
cells from a normal BALfl/c mouse. The growth medium 
was RPMI 1640, 10% heat-inactivated fetal bovine 
serum (Hyclone), 0.1 mM MEM nonessential amino 
acids, 1 mM sodium pyruvate, 2 mM t-giutamine, 
lOOU/ml penicillin, lOO^g/ml streptomycin and HAT 
(Boehringer Mannheim). A solid-phase radioimmuno- 
assay was employed for screening monoclonal anti- 
bodies specific for human TNF. Positive weUs were 
initially subcloned at limiting dilution on mouse feeder 
cells, and subsequently further subcloned in the absence 
of feeder cells. The hybridoma line A2, which secretes a 
murine IgGl antibody was. chosen for further studies. 
Antibody from A2 cell supernatant was purified by 
protein A-sepharose. 

Genomic library construction 

To isolate the light chain variable region gene from the 
A2 hybridoma, a size-selected genomic library was con- 
structed using the phage X vector charon 27. High 
molecular weight DNA was isolated from A2 hybridoma 
cells and digested to completion with restriction endonu- 
ciease Hind TTI. The DNA was then fractionated on a 
0.5% agarose gel and three size classes of fragments, 3, 
4 and 6 kb, were isolated from the gel by electroelution- 
These' sizes were chosen based upon bands which hy- 
bridized to the h probe on a Southern bio:. After 
phenol/chioroform extraction and ethanol precipitation, 



the Hind 171 fragments were ligated with k charon 27 
arms and packaged into phage particles w vitro using 
Gigapack Gold from Stratagene. The libraries were 
screened directly ai a density of approximately 20,000 
piaques per 150 mm petri dish using a ^P-labelcd J K 
probe. Plaque hybridizations were carried out in 
5 x SSC. 50% formamide, 2 x Denhardt's reagent, 
200ug/ml denatured salmon sperm DNA at 42°C 
for 18-20 hr. Final washes were in 0.5 x SSC, 0.1% 
SDS at 65*C Positive clones were identified after 
autoradiography. 

To isolate the variable region gene for the A2 heavy 
chain, a genomic library was constructed in the lambda 
vector X gt- 10. High molecular weight DNA was digested 
to completion with restriction endonudeasc Eco R 1 and 
fragments of approximately 7.5 kb (corresponding lo a 
hybridoma-specirlc band on a Southern blot) were iso- 
lated after agarose gel electrophoresis. These fr&gmcnrs 
were ligated with ^gt-10 arms and packaged into phage 
panicles in vitro using Gigapack Gold. Screening, hy- 
bridization and wash conditions were identical to those 
used for the light chain library, except ihar the J H probe 
was used. 

DNA probes 

The mouse heavy chain J„ probe was a 2kb 
BamHlfEcoRl fragment containing both J3 and J4 
segments (Fig. 1 A). The mouse light chain probe was 
a 2.7 kb Hmd 121 fragment containing all five J K seg- 
ments (Fig. IB). ^P-labeled probes were prepared by 
random priming using a kit obtained from Boehringer 
Mannheim. Free nucleotides were removed by centrifu- 
ge tion through a Scphadex G-50 column. The specific 
activities of the probes were approximately lO'cpm/ag. 

Transfection of celb by electrcporation 

Plasmid DNA containing the cloned mouse V genes 
and human constant region genes was purified by ctn~ 
trifuging to equilibrium in ethidium bromide^cesium 
chloride gradients twice, Plasmid DNA (10-50 ug) was 
added to 10 7 SP2/0 cells (obtained from S- Warnaar) in 
HanxV salts medium and the mixture exposed to 200 V 
and 960 /iF in a Biorad electrcporation -apparatus. 
Cells were plated out in 96-well mitrotiter plates. SP2/0 
cells were grown in Tscove's medium supplemented with 
5% fetal bovine serum. Selective medium included 
0.5ug/ml mycophenolic acid, 50^g/ml xanthine and 
2.5 jzg/ml hypoxamhine. Selection was applied after 
48 hr and drug-resist ant colonies were identified after 
1-2 weeks. Individual transfeccants were analysed for 
IgG production by EUSA and the highest producer was 
subcloned iz least twice by limiting dilution. 

Quantitation of (mtibody production 

Tissue culture supernatant was analysed for IgG 
protein content by ELISA assay using standard curves 
generated with purified IgG. The concentration of 
chimeric A2 antibody with human constant regions was 
determined using goat anti-human IgG Fc antibody- 
coated microliter plates and alkaline phosphatase-conju- 



Supplied by The British Library - The world's knowledge" 



NOU- 13-2006 19:07 From: 44 01937 5466623 



ID: CLARK AND ELBING LLP Pa9e:0£Q 



14. NOV. 200 6 0:11 44.01 337.5466623 



Characterization of a mouse-human chimeric anii-TNF antibody 1445 



gated goat anti-huxnan IgG Fc or goat anti-human IgG 
(K-rL) antibody. Coated plates were washed three 
times with Tris-bufTercd saline, 0.05% Tween-20 
(TBS/Tween) and samples were added (50 /i 1/well). 
Plates were incubated for 30 min at room temperature 
followed by three washes with TBS/Twccn. Conjugated 
antibody was added and the plates were incubated 
for 30 min at room temperature, followed by Four 
washes with TBS/Tween. Substrate was prepared 
by dissolving two phosphatase substrate tabids (Sigma 
104) per 10 ml of alkaline buffer solution (Sigma 221) 
diluted t ; 500 in sterile saline. Substrate was added 
(100 p\) and the places were incubated for 15 min at 
room temperature. The reactions were stopped by the 
addition of 50 /tl/well of 3 N NaOH, and the absorbance 



was determined at 410 nm using a Dynatech plate 
reader. 

TNF solid-phase ELISA 

Round bottom, 96-wcll polyvinylchioride plates 
(Costar) were coated with rTNF (Dainippon) at 2 «g/ml 
ia phosphate-buffered saline pH 1.2 (PBS) by mc abating 
40 ^1/Veil overnight at 4'C The wells were washed three 
times with PBS, then blocked with ]50ui/weU of PBS 
containing 2% bovine serum albumin (BSA) by incubat- 
ing for 1 hr at 37°C Serial dilutions of the teaL antibody 
and any control antibodies were prepared in PBS-2% 
BSA. The blocked plate was washed three times with 
PBS T then each dilution was dispensed 50 #l/wel] in 
triplicate. After incubation for 1 hr at 3TC the plate was 
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Fig. J. Restriction enzyme maps of heavy and light chain clones derived from the A2 hybridoma. 
and the germane J H and J* loci. A. Heavy chain locus and A2 heavy chain clone. J H segments M 
are shown, along with the heavy chain enhancer (E) and the A2 heavy chain variable region (V). 
The location of the J K probe is indicated. B, Batntt I; E, BcoK I; X, Xba T. 8. Maps of the J< locus 
ami the 4.3 and 9.3 genomic clones from the A2 hybridoma. J K segments 1-5 are shown along with 
the location of the J K probe. The leader peptide (L) and light chain variable region (V) are shown. 
Vertical lines between the maps of 4.3 and 8.3 represent single bass pair differences between the two 
clones. Deletions and insertions arc indicated by triangles 
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again washed three Limes in PBS. For murine antibody 
samples, a 1: 1 GOO dilution of alkaline phospbatase-coTt- 
jugated goat anti-mouse IgG (H&L) (Jackson Jnv 
munoresearch Labs) was prepared in PBS-2% BSA, 
whereas for chimeric amibodies a 1:1000 dilution of 
alkaline phosphatase-conj-ugaied goat anti-human lgC 
(H&L) (Jackson Immunoreseairh Laos) in P3S-2% 
BSA was prepared. The appropriate conjugate was 
dispensed SOjul/well and incubated for 1 hr at 37"'C. 
Substrate was prepared by dissolving one phosphatase 
substrate tablet {Sigma 104) per 5 ml of alkaline buffer 
solution (Sigma 221) diluted 1:500 in deionized water. 
The plate was washed three times with PBS, then 
substrate dispensed 50 ^I/well and incubaxiop continued 
for 20 mm at room temperature. Color development was 
stopped by the addition of 50 ul of 3 N NaOH to each 
well. The absorbance of each well was then read at 
410 nm, replicate wells were averaged and a plot of 
antibody concentration vs optical density at 410 nm 
prepared. 

Radloiodinatlon of amibodies 

Microfuge tubes (l.imi) were coated with iodogen 
( KS^^-tetrachloro-Sa^-diphenylglycouril, Pierce), dis- 
solved at a concentration of 5pg/50/il of methylene 
chloride, by dispensing 50 /d per tube and allowing ;he 
solvent to evaporate in a fume hood. These tubes were 
then stored at -20 C C. Fifty fig of antibody to be 
iodinated was diluted in 0,1 M sodium phosphate pH 7.0 
(o a volume of 50 u I and transferred to an iodogen- 
coaied microfuge tube. Immediately, 0.5 mCi (2.5 /il) of 
carrier-free Na l2 'I (Amersham) was added and the 
mixture was allowed to incubate for 6min at' room 
temperature. The reaction was quenched by adding 
500 ul of 0.1 M phosphate pH 7.0 confining 20mg/ml 
potassium iodide and 0.83 mg/ml of asccrbic acid and 
the mixture was loaded onto a PD-10 column (Pharma- 
cia) equilibrated mO.lM phosphate pH 7.0 containing 
0.2% BSA and 0.1% sodium azlde. The column was 
elutcri with the same buffer and six 1 ml fractions 
collected and counted in a dose calibrator set for 135 1. 
The peak fraction's (3 and 4) were pooled and the specific 
activity was calculated The l25 I-labeled antibody was 
stored at 4"C- 

Reiative affinity determination 

Ninety-six well assay plates were coated with TNF 
and blocked as described for the ELJSA assay. Serial 
two-fold dilutions of the ,2J J* antibody samples were 
prepared in PBS-2% BSA, beginning at l.Oag/ml, and 
triplicate aliquots of each dilution were dispensed onto 
the plate, 50 ^ l/well. After incubating for I hr at 37'C, 
the plate was washed three times in PBS and the wells^ 
cut our and counted in a gamma counter set for 123 1. 
Replicate wells were averaged, and the results used to 
calculate the nanograms (ng) of antibody bound to the 
well and the molar concentration of free antibody. A 
plot of ng bound ys ng bound/[frec] was prepared and 
the slope calculated by fitting a straight line to the 



points. This slope is an estimate of the relative 
ation constant (Ka) for the antibody. 

Competitive inhibition assay 

Competitive binding belween murine and chimeric A2 
was demonstrated using ,2 M-A2 and ,25 l-cA2. Plates 
were coated with TNF and blocked as described pre- 
viously. Serial two-fold dilutions of unlabeled competi- 
tor antibodies were prepared in PBS-2% BSA. The 
antibody dilutions were mixed with an equal volume 
of '«I-A2 (50 ng/J ,270,000 dpm/ml), or m l^A2 
<50 ng/1, 400,000 dpm/ml). Fifty microliter aliquots were 
dispensed in duplicate onto a coated plate and incubated 
for I hr at 37°C. The plate was then washed three times 
with PBS and each well cut off and counted in a gamma 
counter set for 

Assay for neutralization of TNF cytotoxicity 

TNF cytotoxicity was assayed as previously described 
(Aderka et aL, 1989). Rhabdomyosarcoma A673/6 cells 
were seeded m a 96-well plate at 3 x 10/ cells/well in 
Dulbecco's modified Eagle's medium with 10% fetal 
bovine serum about 16 hr prior lo beginning the assay. 
Serial dilutions of the antibodies to be tested for neutral- 
ization were prepared in medium containing 40 ug/ml of 
cyclobcxrmidc, and an equal volume of 80pg/ml recom- 
binant (Dainippon) or natural (Genzymc, Inc.) TNF in 
medium was added to each dilution. The samples were 
incubated for 20-30 min at room temperature, then 
100 ^1 was dispensed into 96-well plates in duplicate. 
The plate was incubated at 39*C for lS-24hr, after 
which each well was rinsed once with PBS. The adherent 
cells were fixed by adding 50 jri/wcD of 10% formalin in 
PBS for 15 min at room temperature, and were stained 
with 50 pl/well of 0.5% naphthoi blue black in 9% acetic 
acid, 0.1 M sodium acetate. After 30 min at room tem- 
perature, the cells were rinsed with distilled waier, and 
the bound dye was eluced with 150^1/well of 50 mM 
NaOH. Absorbance of the elutcd dye was determined at 
630 nm. 

RESULTS 

Coning of the TSF-specific variable $ene regions 

For the heavy chain, positive clones were isolated 
from the phage library made from 7.5 kb £coK I frag- 
ments. The clones were mapped with restriction endonu- 
cleases and shown to be identical and consistent with a 
rearranged heavy chain locus. DNA sequence analysis 
demonstrated the existence of an open reading frame 
with homology to previously described heavy chain 
variable regions (data not shown). One variable region 
fragment was subcloned into an appropriate expression 
vector, and was shown to direct the synthesis and 
secretion of an antibody when coexpresscd with an 
irrelevant cioned light chain gene. A restriction map of 
the heavy chain gene is shown in Fig. 1A. 

For the light chain, several positive clones were ob- 
tained for each size class of Hind III fragments defined 
by the initial Southern blot. To identify the correct A2 
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light chain gene from among the various possibilities, a 
combination of methods was employed The authentic 
A2 light chain gene must have the following character- 
istics: {I) it must exhibit a restriction enzyme map 
consistent wilh a rearranged kappa locus; (2) il must 
hybridize with mKNA expressed in the murine A2 
hybridoraa; (3) its DNA sequence must contain an 
appropriate open reading frame to code for an im- 
munoglobulin light chain; (4) it must direct the synthesis 
of a kappa light chain after incorporation into a suitable 
expression vector and transection into an appropriate 
cell line; and (5) the light chain gene must give rise to a 
high-affinity anti-TNF antibody when coexpresscd with 
the A2 heavy chain gene. 

A representative of the 6 kb size class of Hind III 
fragments wa3 ruled out because restriction maps and 
DNA sequence analysis indicated it was unrelated to the 
kappa locus. A clone (designated 4,0) containing a 4,0 kb 
Hind III fragment met aJI of the above criteria axcept the 
last. Although an antibody was secreted after coexpres- 
sion of this light chain gene with the chimeric A2 heavy 
chain gene, the resulting antibody did not bind recombi- 
nant human TNF in a solid ELISA assay, suggesting 
that although the gene coded for a functionally ex- 
pressed kappa light chain, it was of the wrong specificity, 
A partial DNA sequence was obtained for clone 4.0 and 
was found to be very simikr to a light chain derived 
from the MPC1 1 murine myeloma. Two different classes 
of clones were obtained from the 3 kb size fractionated 
Hind III fragments. 3oth types hybridized to the appro- 
priate size mRNA from the A 2 hybrid oma upon North- 
ern analysis and had restriction maps consistent with a 
rearranged kappa locus. Tne maps were similar to each 
other but hed distinct differences when analysed on a 
fine-structure level DNA sequence analysis indicated 
that one type of clone (exemplified by done 4,3) con- 
tained an appropriate reading frame coding for a kappa 
light chain. Another type {exemplified by clone $3) had 
a very similar sequence but contained differences result- 
ing in frameshifts, amino acid changes and deletions 
compared to clone 4.3. Both 4.3 and 3.3 Hind III 
fragments were approximately 2.9 kb in length. Figure 
IB highlights the sequence differences observed between 
clones 4.3 and 8.3. Interestingly, although there are 
multiple differences throughout the coding region, the 5' 
flanking regions are nearly identical for approximately 
1 kb upstream of the coding region, Clone 4.3 was 
subsequently shown lo be correct as it was able to 
express a chimeric light chain which, when combined 
with the chimeric A2 heavy chain, yielded an antibody 
of high affinity and appropriate specificity for human 
TNF. 

Expression of chimeric A2 antibody 

The putative light and heavy chain variable region (V) 
genes cloned from the A2 hybridoma were joined to 
human kappa and Gl constant region genes, respect- 
ively, in expression vectors previously described (Sun 
er a/., 1987). The 7.5 kb £coR I fragment corresponding 
to the putative heavy chain V region gene from A2 was 
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Fig. 2. Plasmids used for expression of the chimeric A2 heavy 
anc light chain genes. Both heavy and light chain expression 
pJasmids are derived from pSV2gpt (Mulligan and Berg, 193 i). 
and contain the Ecogpt gene expressed from the SV40 early 
promoter, and pBR322 sequences. Transcription is driven by 
the natural promoters associated with the variable regions. A. 
Heavy chain expression plasmid pA2HGlapgpt containing the 
A2 V h and human y! constant region exons. The arrow 
indicates the direction of transcription for the heavy chain 
gene. B. Light chain expression plasmid pA2HuKapgpt con- 
taining the A2 V K and human C K exon*. The arrow indicates 
the direction of light chain gene transcription. 



cloned into an expression vector containing the human 
7I constant region and the Ecogpt gene to yield 
pA2HGlapgpl. For the light chain, the 2.9 kb putative 
light chain fragment from clone 4.3 was subcloned into 
a vector containing the human kappa constant region 
and the Ecogpt gene. The resulting plasmid was desig- 
nated pA2HuKapgpt. The A2 expression plasmids are 
shown in Fig. 2. 

To express the chimeric heavy and light chain genes, 
the expression plasmids were transfected into the non- 
producing mouse myeloma cell (ine SP2/0, and my- 
cophenolic acid selcciion was applied after 48 hr. 
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Resistant colonics were expanded to stable cell lines and 
tissue culture supernatant from these cell lines were 
tested for antibody using an ELISA assay. The highest 
producers were subcloned, and a cell line was isolated 
that produces greater than iGOpg/mJ chimeric antibody 
in 7-day static cultures when seeded at 1 x 10 3 cells/ml. 

Chiiracterizaiian of chimeric A2 antibody 

The chimeric A2 antibody was purified by adjusting 
tissue culture supernatant to 0,1 M Tris, 0.0G2 M EDTA, 
pH 8.0 and loading on a Protein A-sepharose column 
equilibrated in the same buffer, The IgG was eiuted with 
0.1 M citrate pH 3.5, neutralized with 1M Tris and 
dialyscd against PBS. 

The purified chimeric antibody was evaluated for its 
ability to bind to purified human recombinant TNF in 
a solid-phase EUSA assay. Figure 3 demonstrates that 
both murine and chimeric Al (cA2) bind to rTNF, and 
that CA2 appears to bind somewhat better at low Ab 
concentration than murine A2, although direct compari- 
son is difficult because different secondary antibodies 
were used. 

For a direct binding comparison and to confirm that 
the murine and chimeric antibodies recognize the same 
binding site on TNF, a competition assay was used in 3 



solid-phase format. A constant amount of ii5 Ma.beIed 
A 2 or cA2 was mixed with varying amounts of unlabeled 
competitor and radioactivity bound to rTNF was 
measured, The results presented in Fig. 4 indicate that 
cA2 and murine A2 compete with each other for binding 
to rTNF. The competition experiments also suggest that 
cA2 is a better competitor for either 135 chimeric or 
123 I-murine A2 than is murine AZ This result is consist- 
ent with the data obtained in the ELISA assay (see 
above). 

Because the binding of cA2 appeared to be better than 
that of the murine antibody, wc wished to quamitate this 
effect by Scatchard analysis using data obtained from a 
solid-phase R1A assay; the results of one experiment for 
each antibody are shown in Fig. 5. Relative association 
constants were calculated averaging the results from 
two such experiments, each performed in triplicate, 
yielding a Ka = 10 x 10* M~' for the murine A2 and 
Ka=1.3x 10* M- 1 for cA2, thus confirming the im- 
proved binding of the chimeric antibody observed in 
previous assays. It is likely thai the difference in relative 
affinity constants reflects the fact that the murine hybri- 
doma expresses two different kappa light chains, only 
one of which is the "correct" anti-TNF light chain. The 
other light chain is derived from ;he 4.0 kb Hind III 
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fragment cloned from che A2 hybridorna which wc 
showed was capable of expressing a kappa protein. 
Because the antibody derived from the murine hybri- 
doma contained 3 mixture of the correct and incorrect 
light chains, it exhibits a lower apparent affinity than the 
antibody from the transfected cell line which produces 
only the correct light chain. Support for this hypothesis 
is provided by N-terminal protein sequence analysis oF 
the murine A2 light chain. A mixture of two sequences 
was obtained that is consistent with the deduced se- 
quences of the two functional genomic clones obtained 
(data not shown). 

The murine and chimeric A2 antibodies were com- 
pared in a functional assay which measures neutraliz- 
ation of TNF activity. TNF exhibits cytotoxicity 
towards the rhabdomyosarcoma cell line A673/6; 
the capacity of the antibodies to neutralize this TNF- 
dependent cytotoxicity is shown in Fig, 6. Both 
chimeric and murine A2 were able to neutralize the 
effect of recombinant TNF (Fig. 6A) and natural 
TNF (Fig. 6B), with the chimeric proving to be 
slightly more potent in both cases. Neither antibody was 
capable cf neutralizing .human lymphotoxin (TNF-/J) 
demonstrating their specificity for TNF-a (data not 
shown]. 



DISCUSSION 

Neutralization of TNF-a action has been suggested as 
a mode of therapeutic intervention in a variety of hum an 
diseases as a result of emerging data implies ting TNF as 
an important pathophysiological regulator. Elevated 
TNF levels arc associated with cachexia, septic shock 
resulting from acute bacterial infection and autoimmune 
diseases. Monoclonal antibodies arc well suited for the 
task of neutralizing and/or clearing from circulation 
harmful soluble mediators. Accordingly, we have gener- 
ated a murine hybridoma that secretes an anti-human 
TNF monoclonal antibody (A2) with high affinity for 
TNF and ability to neutralize its various biological 
activities. The A2 antibody neutralizes TNF-*, but not 
the related cytokine TNF-/J, and reacts with both recom- 
binant and natural human TNF. The antibody has the 
ability to neutralize TNFa from human and chimpanzee, 
but not from baboon, cynomolgus or rhesus monkeys, 
dag> pig, rabbit, rat or mouse (data not shown). To 
reduce the potential immune response which may limit 
repetitive use and to optimize functional compatibility 
with the human immune system, we have prepared a 
recombinant version of the A2 antibody by replacing the 
murine constant regions with human counterparts while 
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retaining the antigen binding region of the original 
antibody. Many mouse -human antibodies have been 
constructed (Sun tt aL, 1987; Morrison et at., 1934; 
Bouiianne et a/. t Sahagan et aL, 1956; Nishimura 
et aL, 1987; Heinrich «r aU 19S9) and the few that have 
been tested in humans display various degrees of inv 
munogenidly, prfisumably due to the range of immune 
responses elicited by the variable regions of the individ- 
ual antibodies (LoBuglio et aL, 1989; Meredith et aU 
199\; Saleh et aL, 1992; Khazaeli et al n 1992). When 
direct comparisons of murine and chimeric versions of 
an antibody have been made in humans, however, the 
immuncgenicity of the chimeric antibody has generally 
been tower than thai of the murine antibody (LoBugtio 
el aL 1989; Meredith et aL, 1991; Saleh et aL, 1992). 
Antibodies with human constant domains may also be 
more efficient in Fc region-mediated effector functions 
such as complement fixation, antibody-dependent cellu- 
lar cytotoxicity and Fc-mediated antibody clearance. An 
increased circulating half-life has also beeri demon- 
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Fig. 5, Scatchard analysis to determine relative association 
constants for murine and chimeric A2 antibodies. The assay 
was performed in a solid-phase format with immobilized rTNF 
and 135 Mabeied antibodies as described in Materials and 
Methods. The results were plotted for murine A2 (A) and 
chimeric A2 (B) as nanograms {ng) of antibody bound vs ng 
bound/unbound antibody, and the slope is the relative associ- 
ation consUM (Ka) for the antibody. 




strated for chimeric antibodies, a desirable feature for 
prolonged therapeutic effect [for review see Larrick and 
Fry (199 J)]. 

The construction of the chimeric A2 antibody resulted 
in an antibody with improved binding and neutralizing 
characteristics compared to the original antibody iso- 
lated from the A2 murine hybrid oma. Presumably this 
is a consequence of multiple kappa light chain expression 
in the hybridoma; we have shown that at least two 
different genes cloned from the hybridoma are capable 
of espressiag kappa chains, but that only one of them 
gives rise to an anti-TNF antibody when paired with the 
A2 chimeric heavy chain. N-termmal sequence analysis 
of the murine mAb confirmed the presence of two 
different light chains; the irrelevant light chain (clone 
4.0) is likely to be responsible foi the lower apparent 
affinity of the murine mAb compared to cA2. The gene 
for the irrelevant light chain was apparently contributed 
by the fusion partner of the A2 hybridoma. Southern 
analysis shows that the 4.0 kb HindUl fragment is 
present in both the fusion partner and the A2 hybrid 
doma, and cDNA was prepared from the fusion partner 
mRN A which has the same coding sequence as clone 4.0 
from the hybridoma (data not shown). This sequence, 
when compared to the Genbanfc DNA sequence data- 
base, was found to be very similar 10 a light chain 
derived From the MPCU murine myeloma (Kuchl and 
Scharff, 1974). The SP2/0 ceil line used for cell fusion 
was from a different source than the SP2/0 celh used to 
express the chimeric antibody. It is unclear why the 
particular SP2/0 line used for cell fusion expresses the 
irrelevant light chain. The 5P2/0 cell line has been 
reported to express a kappa mRN A from an aberrantly 
rearranged gene that does not produce a functional 
kappa light chain (Carroll a aL, 1988). None of the 
kappa clones isolated from the A2 hybridoma contain 
the sequence found for the SP2/0 aberrant transcript. 

In addition, a third kappa light chain gene (clone 8.3) 
was cloned from the hybridoma which has extensive 
homology to the authentic A2 V kappa gene, although 
it cannot be expressed as a functional protein. Genes 4.3 
and 8.3 appear to result From independent V-/ recombi- 
nation events; the 8.3 V-J junction causes a shift in the 
reading frame, and three consecutive nucleotides differ 
from the 4.3 productive rearrangement at the junction. 
The nearly identical sequences upstream of the V regions 
suggest that two different alleles of the same V region 
gene each independently rearranged to a J4 minigene. 
One rearrangement was nonproductive (8.3) and one 
was productive (4,3). Presumably, each V region under- 
went localized somatic hypermutaticn during B-celJ 
maturation (French et aL f 1989). This may explain the 
many sequence differences between 8,3 and 4.3 in and 
around the V-J regions. The observed patterns of se- 
quence differences arc consistent with the boundaries of 
somatic mutation for rearranged immunoglobulin genes 
previously reported (Lebecque and Gearhart, 1990). 
Although the precise origins of the genes represented bv 
clones 4.3 and 8.3 are unclear, their coexistence in a 
single cloned hybridoma line complicated the cloning 
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Fig. 6. Neutralization of TNF-mediated cytotoxicity by murine and chimeric A2 antibodies. The 
cytotoxic effect of recombinant (A) or natural (B) TNF on rhabdomyosarcoma A673/6 cells was 
measured in the presence of various amounts of murine or chimeric A2 as described in Materials 
and Methods, The results with isoiype-maiehed negaiiv- control antibodies arc shown for the natural 
TNF" cytotoxicity experiment. 



and analysis of the correct A2 light chain gene. A 
fourth type of clone was isolated that hybridized to the 
J x probe, but was not characterized further after 
restriction enzyme mapping indicated it was not a 
normal kappa gene, Of the four genes cloned from 
the A2 hybridoma using the light chain probe, two 
have been shown to be expressed as kappa proteins, 
and at least three and possibly four are expressed as 
mRNA. Trie expression of two kappa proteins in a 
single hybridoma line has implications beyond the 
technical cloning problems encountered. As we have 
shown, the antibody isolated from a hybridoma can be 
a mixture of different chains, thus diluting the effective- 
ness of the specific antibody. The expression of multiple 
antibody £«nes may be fairly common in hybridomas, 
and may not be readily apparent unless protein sequenc- 
ing or molecular cloning is performed. In the case of the 
A2 antibody, the cloning of ;hc correct genes and 
expression in chimeric form in the appropriate cell line 
resulted in a reagent with Superior binding character- 
istics compared to the mixture expressed by the A2 
hybridoma. 



There is considerable potential for the therapeutic use 
of anti-TNF antibodies in many diseases. Preliminary 
studies with murine anti-TNF monoclonal antibodies 
given to septic patients (Exley et aL 1990; Spooner et «/., 
1991) report a high incidence of human anti-mouse 
antibody (HAMA) response. Use of the chimeric A2 
ar.ti-TNF antibody should lead to reduced HAMA 
response and improved pharmacokinetics, thus provid- 
ing significant advantages over murine antibodies, es- 
pecially in chronic diseases such as rheumatoid arthritis 
which may require multiple treatments. A Phase I clini- 
cal trial of cA2 in patients with severe rheumatoid 
arthritis showed dramatic clinical improvement in all 
patients (Elliott et *z/ M J9$3), indicating that this anti- 
body has great promise as a therapeutic agent. 
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